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INTRODUCTION 


Vanasse Hangen Brustlin, Inc. (VHB) has completed a preliminary review, evaluation and 
recommendations of improvements of the current transportation trends in terms of vehicular, 
pedestrian, bicyclist traffic, parking, and transit conditions along Massachusetts Avenue (Route 2A), 
between Mill Street and Alewife Brook Parkway in Arlington, Massachusetts. This effort is in 
support of the Town's desire to pursue State and/or Federal funding for implementation of needed 
transportation improvements along the corridor. 

To facilitate our review and evaluation, VHB compiled existing traffic data and associated 
information including previously completed designs and studies, from the Town of Arlington, and 
recent crash data from the Massachusetts Highway Department (MassITighway). As part of the 
corridor study, VHB has recommended modifications to the current roadway cross section and 
traffic controls that are intended to improve the safely and mobility of the area users. This 
memorandum documents the results of an initial capacity and safety analysis along the corridor, and 
a review of the current roadway cross sectional elements, and identifies conceptual-level 
improvements for consideration, the anticipated construction cost of these measures. 


EXISTING AND FUTURE CONDITIONS 


Study Area 

Massachusetts Avenue is the main east-west thoroughfare in the Town of Arlington, with a 
functional classification of Urban Principal Arterial. For this study, the transportation trends along 
the Massachusetts Avenue corridor were analyzed between Mill Street (near Arlington Center) and 
Alewife Brook Parkway (at the Cambridge border), approximately 1.6 miles. 

Within the project limits, Massachusetts Avenue is approximately 65 feet (+/-) wide, with the 
exception at Lake Street between Oxford Street and Windsor Street where the corridor widens to 
80 feet (+ /-). There are typically two travel lanes in each direction with parallel parking on both 
sides of roadway, although in many areas lane definition is poor. 

Sidewalks of varying width are provided along both sides of Massachusetts Avenue throughout the 
study area. Crosswalks are provided at all signalized intersections, at several unsignalized 
intersections, and at selected mid-block locations. 
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There are 45 intersecting streets along Massachusetts Avenue within the study limits. Of the total 
amount, six of the intersections are signalized (the Massachusetts Avenue intersection with Mill 
Street, Pleasant Street, Medford Street, Franklin Street, Lake Street, Thorndike Street, and Alewife 
Brook Parkway), 5 intersecting roadways are either used as a commuter cut through, or have been 
identified by the Town as trouble spots (Water Street, Tufts Street, Bates Road, Orvis Road, and 
Winter Street), and the balance of the roadways are entrances to residential neighborhood, that are 
local streets that are not used for cut through traffic at peak times of the day. For the purposes of 
this safety and capacity evaluation, the local street intersections were not analyzed for vehicular 
improvements. 

Traffic Volumes 

The Town of Arlington has provided information regarding traffic volumes for roadway segments 
and at specific intersections in the form of previous traffic studies along the Massachusetts Avenue 
corridor. A majority of this information was collected from previously conducted Massachusetts 
Avenue corridor studies dated December 11,2001 and November 2002. 

Although the traffic volumes were counted four years ago, this data can be considered current for 
the purposes of this preliminary study since the relatively stagnant economy and population growth 
over the last several years has resulted in negligible increases and, in some cases, decreases of traffic 
volumes throughout the region. Therefore, any growing of the traffic volumes data to develop 
present-day data would be overly conservative and was not completed. As project development 
continues, complete peak hour and daily traffic volumes should be collected for tire entire corridor. 

Based on the information included in previous studies and the accepted standard set by 
MassHighway for projecting traffic in this area, an annual growth rate of 1.0 percent (approximately 
10.5 percent compounded over 10 years) was applied to the 2005 Existing volumes to develop the 
2015 Future volumes. A summary of these traffic volumes is shown in Table 1. 


Table 1 

Roadway Segment Traffic Volume Summary 


Massachusetts Avenue: 
From Pleasant St to 
Medford St I Broadway St 

From Medford St / 
Broadway St to 
Unwood St 

From Linwood St to 
Lake St 

From Lake St to 
Thorndike St 

From Thorndike St to 
Alewife Brook Pkwy 


Period _ 

Weekday Morning 
Weekday Evening 

Weekday Morning 

Weekday Evening 

Weekday Morning 
Weekday Evening 

Weekday Morning j 
Weekday Evening j 

Weekday Morning j 
Weekday Evening 


Directional Distribution 3 
51% WB 
53% EB 

59% WB 

53% EB 

63% EB 
53% EB 

57% EB 
51% WB 

60% EB 
54% WB 


2005 Existing Volumes b 
Eastbound Westbound 


2015 Future Volumes c 
Eastbound Westbound 


Source: Based on data from Massachusetts Avenue corridor studies conducted by the Louis Berger Group, Inc. dated December 11,2001 and November 2002. 
a directional distribution of peak period traffic 
b peak period traffic volume, expressed in vehicles per hour 
c 2005 volumes grown by 1.0 percent for ten years 
EB = Eastbound; WB = Westbound 


As shown in Table 1, approximately 1,560 to 2,330 vehicles per hour travel along Massachusetts 
Avenue during the weekday peak hours. The morning directional split is as high as 63% eastbound 
indicating the commuting nature of the AM peak hour. The directional split is relatively even 
during the evening peak hour, ranging from 53 percent eastbound to 54 percent westbound along 
the corridor. This indicates that Massachusetts Avenue within the study area, while used by 
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commuters, is not exclusively a commuter route during the evening peak period. 


According to recent traffic data collected at MassHighway permanent count station 4935, 
approximately 19,700 vehicles travel along Massachusetts Avenue south of Avon Place during the 
average day. This means approximately 10 percent of daily traffic travels along this segment of 
Massachusetts Avenue during the peak hours. The traffic count data compiled is contained in the 
Appendix. 

It should also be noted that the traffic volumes traveling east bound on Massachusetts Ave drop 21% 
during the evening peak, and 20% during the morning peak period through the intersection of Mass 
Ave and Medford Street/Broadway. This is due to the high volume of traffic traveling along 
Broadway as an alternate route to Alewife Brook Parkway, and beyond. 

Plans number 1 through 4 (out of 4) included herein present the morning (AM) and evening (PM) 
peak hour turning movement volumes at major corridor intersections for which data was available. 


Vehicular Crash Summary 

To identify potential vehicle crash trends in the project study area, vehicular crash data for 
intersections within the study area was obtained from MassHighway for the years 2000 through 
2002, the most recent three-year history available and the Arlington Police Department from 2002 to 
2005. 

MassHighway Vehicle Crash History 

A summary of the MassHighway vehicle crash history is presented in Table 2. The following 
intersections are above the MassHighway District 4 crash rate of 0.87 crashes per million entering 
vehicles (mev) for signalized intersections: 

■ Massachusetts Avenue at Mystic Street and Pleasant Street (1.12) 

■ Massachusetts Avenue at Alewife Brook Parkway (1.15) 

As shown in Table 2, based on MassHighway crash data, the signalized intersections at Mystic 
Street/Pleasant Street and at Alewife Brook Parkway experienced 44 and 55 crashes over a three- 
year period. A high percentage (55 and 36 percent, respectively) of these crashes were rear end-type 
collisions, occurring during the typical work week during daylight hours, and on dry pavement, 
indicating that weather is not likely a contributing factor. Furthermore, a significant percentage of 
the crashes at the locations (34 and 22 percent, respectively) involved personal injuries. For these 
signalized intersections, the probable causes for rear-end collisions could include excessive speed 
and inadequate signal visibility and/or timing for the specific volume conditions’. 

The signalized intersections at Alewife Brook Parkway, Mill Street/Jason Street and at Lake Street 
also experienced a high percentage (40, 62 and 63 percent, respectively) of angle-type incidences. 

For these intersections, the probable causes for angle collisions include a large number of turning 
vehicles, excessive speed, and inadequate signal phasing and/or timing for the specific volume 
conditions. 

The number of crashes at the unsignalized intersections that were part of this evaluation was 
relatively low. In most cases, the majority of these crashes were angle-type collisions, occurring 
during the typical workweek and on dry pavement, indicating weather is not a likely contributing 
factor. Furthermore, a significant percentage of the crashes at Bates Road and at Grafton 


1 Highway Safety Engineering Studies Procedural Guide : United States Department of Transportation (USDOT); Washington, DC; June 1981. 
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Street/Orvis Street (50 and 63 percent, respectively) involved personal injuries. Probable causes for 
this type of crash include a high approach speed and high volume approaches to this intersection. 

There were 56 accidents that occur within the study corridor at the local street intersections with 
Mass Ave. In addition, there were 52 accidents along the corridor within the study area, and away 
from any intersecting streets. The data also identified 86 accidents along the entire length of Mass 
Ave that did not have a land mark identified. The types of accidents that were along the corridor 
were similar to those documented at the intersections: angle-type collisions, occurring during the . 
typical workweek and on dry pavement, indicating weather is not a likely contributing factor. The 
raw data, and summary of these intersections are included in the appendix. 

It should be noted that, based on MassHighway crash data, a statistically large percentage 
(88 percent) of the crashes that occurred during this three-year period happened during the first two 
years (2000 and 2001). Possibilities for this anomaly include fewer reported crashes as a result of 
changes to law enforcement/insurance reporting policies, recent roadway or intersection 
improvements, and/or, unfortunately, unreliable data for 2002. 

Arlington Police Department Vehicle Crash History 

In order to review crash history that involved pedestrians and bicyclists long the Massachusetts 
Avenue corridor, accident data was also collected from the Arlington Police Department from 2002 
to 2005. As shown on the summary table and the raw data in the appendix, there were 66 crashes 
that occur on the corridor that involved either pedestrians or bicyclists. The accident data collected 
indicated that the accidents occurred at various locations along Mass Ave, during mostly dry 
conditions during daylight hours. 
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Massachusetts Avenue Improvement Project 


Arlington, MA 

Vehicle and Pedestrian/Bicycle Accidents 2002 - 2005 


data from the Arlington I 

Police Department 



12/31/2002 

Road - Surface 

Lighting 

SWeathervlT 


iiftterseciioni 

1/12/2002 

10:00:00 AM 

Pedestrian 

DRY 

DAYLIGHT 

CLOUDY 

MASSAVE . 


1/29/2002 

5:12:00 PM 

Bicyclist 

DRY 

Dark(Road Lit) 

CLEAR 

MASS AVE- 

swan 

5/20/2002 

12:30:00 PM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

MILL ST 

5/22/2002 

7:45:00 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

MILL ST 

5/24/2002 

4:54:00 PM 

Pedestrian 

DRY 

Daylight 

CLOUDY 

MASS AVE 


6/3/2002 

6:17:00 PM 

Bicyclist 

DRY 

Daylight 

CLEAR 

MASS AVE 


7/1/2002 

4:10:00 PM 

Bicyclist 

DRY 

Daylight 

CLEAR 

MASS AVE 


7/10/2002 

5:10 PM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

quin 

7/11/2002 

10:15 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


7/12/2002 

6:00 PM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


9/5/2002 

10:55 AM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


9/24/2002 

8:46 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


11/13/2002 

3:27 PM 

Pedestrian 

wet 

DAYLIGHT 

rain 

MASS AVE 


12/11/2002 

11:45 AM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


3/2/2003 

6:35 PM 

Pedestrian 

wet 

Dark(Road Lit) 

CLOUDY 

MASS AVE 


3/12/2003 

3:17 PM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


4/29/2003 

5:57 PM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

park 

5/9/2003 

3:46 PM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

school 

5/10/2003 

10:20 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

melr 

5/3/2003 

7:28 PM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


9/22/2003 

8:30 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


12/4/2003 

5:06 PM 

Pedestrian 

DRY 

Dark(Road Lit) 

CLEAR 

MASS AVE 


12/24/2003 

5:45 PM 

Pedestrian 

wet 

Dark(Road Lit) 

rain 

MASS AVE 

MILL ST 

2/28/2003 

1:30 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


6/18/2004 

11:33 AM 

Pedestrian 

wet 

DAYLIGHT 

rain 

MASS AVE 


7/1/2004 

11:33 AM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


7/17/2004 

12:50 PM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


8/13/2004 

4:10 PM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

mara 

9/1/2004 

9:14 AM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


9/26/2004 

4:30 PM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


10/4/2004 

8:00 AM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


. 10/7/2004 

8:55 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


10/20/2004 

6:10 PM 

Bicyclist 

DRY 

Dark(Road Lit) 

CLEAR 

MASS AVE 


11/1/2004 

6:00 PM 

Pedestrian 

DRY 

Dark(Road Lit) 

CLEAR 

MASS AVE 


12/28/2004 

1:22 PM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


1/10/2005 

1:50 PM 

Pedestrian 

wet 

DAYLIGHT 

CLEAR 

MASS AVE 

mara 

1/11/2005 

7:06 PM 

Pedestrian 

wet 

Dark{Road Lit) 

CLEAR 

MASS AVE 

milt 

2/20/2005 

2:15 PM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

park 

3/30/2005 

3:30 PM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 


4/1/2005 

3:30 PM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

water 

4/7/2005 

4:00 PM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

melr 

4/20/2005 

10:13 PM 

Pedestrian 

DRY 

Dark(Road Lit) 

CLOUDY 

MASS AVE 


4/21/2005 

11:00 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

plea 

6/7/2005 

9:45 AM 

Bicyclist 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 

meno 

6/7/2005 

3:12 PM 

Pedestrian 

DRY 

DAYLIGHT 

CLEAR 

MASS AVE 



Source: Arlington Police Department 
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TRAFFIC OPERATIONS ANALYSIS 

Level-of-Service Criteria 

Level-of-service (LOS) is the term used to denote the different operating conditions which occur on a 
given roadway segment under various traffic volume loads. It is a qualitative measure of the effect 
of a number of factors including roadway geometry, speed, travel delay, freedom to maneuver, and 
safety. Level-of-service provides an index to the operational qualities of a roadway segment or an 
intersection. Level-of-service designations range from A to F, with LOS "A" representing the best 
operating conditions and LOS F representing the worst operating conditions. For urban areas such 
as the Massachusetts Avenue corridor, LOS "D" or better are generally considered acceptable levels 
of service. 

Level of Service Analysis 

For an urban arterial such as Massachusetts Avenue, overall corridor capacity is defined and 
restricted by the major (signalized) intersections along its length. While the number of travel lanes 
in each direction (i.e., one or two) plays a role, the proximity of signalized intersections governs and 
travel lanes provided are more related to properly processing traffic demand at the signalized 
locations (i.e., approach and departure lane configurations). Therefore, to fully evaluate and 
establish corridor capacity and operating conditions, VHB preliminarily analyzed the capacity 
provided at key intersections. 

To establish existing conditions, VHB conducted capacity analyses using the critical lane volume 
(CLV) method to determine the traffic capacity at six key study area signalized intersections during 
the weekday morning and evening peak hours using the 2005 existing, and 2015 future volumes. 
The future 2015 LOS is presented for the No-Build, or no improvement case. There are a total of 
eight (8) signalized intersections within the section of Massachusetts Avenue studied; however, 
traffic volumes were not available for the intersections at Mill Street. 

Table 3 presents a summary of the capacity analyses for the six key study area intersections in the 
absence of any improvements. The capacity analyses worksheets are included in the Appendix. 
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Table 3 

Intersection Capacity Analyses Summary 


Location 


2005 Existing Volumes 

2015 Future Volumes' 

Period 

CLV * 

LOS b 

CLV 

LOS 

Massachusetts Avenue at 

Weekday Morning 

1,353 

E 

1,495 

F 

Pleasant Street (Route 60) 

Weekday Evening 

1.362 

E 

1,503 

F 

Massachusetts Avenue at 

Weekday Morning 

878 

B 

970 

B 

Medford Street 

Weekday Evening 

833 

A 

921 

B 

Massachusetts Avenue at 

Weekday Morning 

506 

A 

556 

A 

Linwood St/Foster St 

Weekday Evening 

528 

A 

581 

A 

Massachusetts Avenue at 

Weekday Morning 

1,205 

D 

1,345 

E 

Lake Street 

Weekday Evening 

1,112 

C 

1,243 

E 

Massachusetts Avenue at 

Weekday Morning 

476 

A 

526 

A 

Thorndike St/Teei St 

Weekday Evening 

466 

A 

514 

A 

Massachusetts Avenue at 

Weekday Morning 

1,388 

F 

1,422 

F 

Alewife Brook Pkwy 

Weekday Evening 

1,423 

F 

1,572 

F 


a critical lane value 

b level of service 

c No-Build (i.e., no improvement) condition 


The analysis indicates that the intersections at Pleasant Street and at Alewife Brook Parkway 
currently operate at unacceptable levels of service (LOS "F") during both peak hours. Furthermore, 
it is anticipated that the Lake Street intersection will operate at LOS E or worse in the future if no 
improvements are in place. The other intersections analyzed operate at LOS B or better and are 
expected to operate at LOS C or better in 2015. 

RECOMMENDED IMPROVEMENTS 

Based on field observations, traffic volume research, vehicular crash analysis and intersection 
capacity analysis, VHB identified and evaluated possible opportunities for improvements intended 
to enhance the safety and mobility for all corridor users. It is envisioned that the recommendations 
from this study will be further evaluated, refined and detailed through design via the work of the 
Transportation Advisory Committee (TAC). 

The following highlights the major opportunity areas for continued discussion and evaluation: 


« Overall corridor cross section and cross sectional elements 

■ Bicycle accommodation 

» Pedestrian accommodation 

■■ Traffic signal safety and operations 

B Overall corridor safety 

° Aesthetic and urban design enhancements 


VHB reviewed the corridor as a whole, and at specific locations to identify possible areas for 
modification and improvement. The existing and projected future poor operating conditions and 
safety history (see Tables 2 and 3) at the intersections of Pleasant Street, Lake Street and Alewife 
Brook Parkway lead to the conclusion that major changes which could limit capacity are not 
preferable at these locations. Any proposed improvements at these locations need to include the 
potential for enhancing both capacity and safety. However, significant capacity enhancements (i.e., 
major widening) are unlikely due to the constraints associated with current cross sectional elements. 
Improvements at these locations will most likely be implemented within the existing curb-to-curb 
roadway width and be limited to traffic signal (timing and phasing) modifications in an attempt to 
optimize operations and safety. A detailed review of signal sequence, timing and equipment can be 
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completed at these locations during further project development in an attempt to identify 
recommended traffic control upgrades. 

The most significant opportunity identified for proposed change to the corridor is the potential 
reduction of the cross-section from four lanes to two lanes (one travel lane in each direction) east of 
the Medford Street/Broadway intersection, narrowing Massachusetts Avenue vehicular travel way 
from Franklin Street to Grafton Street (approximately one-half mile). This reduction in cross section 
would need to be expanded to accommodate current and future traffic demand at Lake Street, but 
then narrowed again to the east, between Marathon and Lafayette Streets (approximately 1750 feet). 
Massachusetts Avenue would be expanded, east of Lafayette Street, to accommodate the traffic 
demand at the Alewiie Brook Parkway intersection (Refer to Sheets 1 through 4 attached). The 
potential reduction to a two-lane cross-section along these portions of Massachusetts Avenue is 
possible due to the significant amount (approximately 20 percent) of traffic turning to/from 
Broadway. The resulting lower corridor traffic volumes, thus a reduction of roadway capacity 
within these sections allow consideration of a reduced cross sectional width for the vehicular travel, 
way that could be utilized for other modes of transportation (either bicycle or pedestrian), or 
improved streetscape along the corridor. 

The detailed design of the reduced travel way cross section will need to consider the need to allow 
for traffic making left turns from Massachusetts Avenue to adjacent roadways, residents and 
businesses. The vehicular travel lanes must be a minimum of 16 feet for through traffic and 
emergency vehicles to pass around a stopped vehicle on Massachusetts Ave. Although the lane 
width will be designed with a wider cross section than typical (16 feet verses 12 feet), the overall 
pavement width will be reduced, thus making the pedestrian passage across Mass Ave shorter, 
improving pedestrian mobility and safety. 

The conceptual improvements plans provided herein (plans 1 through 4) detail the potential 
reallocation of the roadway width gained in the reduced cross sectional areas east of Medford 
Street/Broadway, detailed above. For example, the possible introduction of a 4-5 foot bicycle lane. 
This lane, in conjunction with better bike accommodation at traffic signals (i.e., bicycle detection) 
and enhanced signage throughout the corridor offers an opportunity to provide a more inviting and 
safe environment for bicycle traffic. 

The additional space gained by reducing the Massachusetts Avenue cross section in selected areas 
could be utilized in any number of ways besides (or in combination with) bicycle enhancements, 
including wider sidewalks, center medians, planting strips, etc. The benefits and costs of these 
options can be further evaluated during future project development. In any event, the re-evaluation 
of the Massachusetts Avenue corridor cross section affords an opportunity to better define the 
existing lane definition, which in many areas is currently poor, with extended sections of wide, 
undefined pavement provided. 

A re-evaluation of the corridor also provides an opportunity to enhance the overall pedestrian 
environment. As part of project development, the current location of all pedestrian crosswalks will 
be evaluated to determine the most appropriate locations. Highlighted crosswalk markings and 
signage, use of alternate crosswalk materials, improved street lighting in crossing areas, and the 
proper use of "neckdowns" (narrowing the roadway by extending the curb at key intersections and 
mid-block locations) will be considered. The conceptual improvement plans provided (Refer to 
Sheets 1 through 4) detail a number of potential locations for the implementation of neckdowns for 
enhanced pedestrian movements. These neckdown areas will be designed to improve sight lines 
and visibility of crossing pedestrians, shorten crossing distances, and serve as a traffic calming 
technique to slow traffic in areas of pedestrian activity. The neckdowns also have the added benefit 
of providing new space to be considered for possible aesthetic enhancements. 

During future project development a complete evaluation of pedestrian phasing, signal indications 
and signage should also be undertaken at all signalized locations. An overall theme to these, as well 
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as other alternative actions, is the need to continue to consider the effects of proposed corridor 
modifications on vehicle, pedestrian and bicycle safety. 

Tied to some of the opportunities discussed above, but also worth discussion as a stand alone topic 
is the upgrade and potential coordination of several traffic signal systems. This is important because 
the signalized intersections govern the flow of traffic along Massachusetts Avenue. In a few cases 
they are closely spaced, but do not facilitate acceptable traffic progression through the corridor. The 
upgrade and coordination of these traffic signal systems could improve the overall operation along 
the corridor. Existing traffic signal phasing and lane configuration also needs to be reviewed, with 
sensitivity towards addressing the high accident experience at many of these locations. 

All proposed improvements and modifications will need to consider potential impacts to on-street 
parking and other related business activities (i.e., loading/unloading), as well as transit stops on the 
corridor. The continued maintenance of an adequate level of on-street parking is critical to overall 
community acceptance of proposed improvements. 

Table 4 presents a brief summary of the potential improvement opportunities along the corridor. 


Table 4 

Recommended Transportation Improvements Summary 


Massachusetts Avenue: 

Existinq Conditions 

Proposed Improvements . 

From Mill St to 

Franklin St 
(Arlington Center) 

Two lanes per direction 

Several unprotected sidewalks 

On street parking 

1. Maintain existing two lanes per direction with additional turning lanes at 
intersections as necessary 

2. Upgrade and coordinate traffic signals 

3. Provide neck-downs at unsignalized crosswalks 

4. Maintain existing parking 

From Franklin St to 

Grafton St 

Two lanes per direction 

Several unprotected sidewalks 

On street parking 

1. Narrow to one travel lane per direction with additional turning lanes as necessary 

2. Upgrade traffic signals 

3. Provide neck-downs at unsignalized crosswalks 

4. Maintain existing parking 

5. Create a five-foot marked bicycle lane 

6. Widen existing sidewalks or provide planting strip, where possible 

From Grafton St to 

Marathon St 
(Lake Street District) 

Two lanes per direction 

Several unprotected sidewalks 

On street parking 

1. Transition back to two lanes per direction with additional turning lanes at 
intersections as necessary 

2. Upgrade traffic signals 

3. Provide neck-downs at unsignalized crosswalks 

4. Maintain existing parking 

5. Continue the bicycle lane on the south side of Massachusetts Avenue only 

From Marathon St to 

Alewife Brook Pkwy 

Two lanes per direction 

Several unprotected sidewalks 

On street parking 

1. Narrow to one travel lane per direction 

2. Upgrade traffic signals 

3. Provide neck-downs at unsignalized crosswalks 

4. Maintain existing parking 

i 5. Bicycle lane provided on both north and south side of Massachusetts Avenue 


In order to assess the impact of the conceptual level improvements detailed herein and on Sheets 1 
through 4 attached, VHB evaluated intersection operations. Table 5 presents a summary of the 
existing, and future (with and without a reduced cross section) operations at the two locations along 
the Massachusetts Avenue corridor affected by the proposed travel way reduction. All other 
locations along the corridor are not within the location of the proposed reduction. 
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Table 5 

Intersection Capacity Analyses Summary 


Location 

Period 

2005 Existina Volumes 
CLV * LOS b 

2015 Future Volumes' 
CLV LOS 

2015 Future Volumes' 1 
CLV LOS 

Massachusetts Avenue at 
Linwood St/Foster St 

Massachusetts Avenue at 
Thorndike St/Teel St 

Weekday Morning 
Weekday Evening 

Weekday Morning 
Weekday Evening 

506 A 

528 A 

463 A 

452 A 

556 A 

581 A 

526 A 

514 A 

1,014 C 

1,115 C 

1,005 C 

981 B 


a critical lane value 

b level of service 

c No-Build (i.e., no improvement) condition 

d With Improvements (i.e„ reduced cross section) 

As can be seen by the table, although the peak hour LOS is expected to drop at Linwood/Foster and 
Thorndike/Teel Streets, the anticipated future 2015 LOS is no worse than a very acceptable LOS "C". 
Based on this analysis, it is assumed that the cross sectional width for the sections along 
Massachusetts Avenue, east of Broadway (detailed above), can be reduced without significant 
impact to vehicle operations. 
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CONCLUSION 

VHB has conducted an assessment of the roadway traffic capacity and safety along the 1.6 mile 
section of Massachusetts Avenue corridor between Mill Street and Alewife Brook Parkway. Based 
on this evaluation, VHB has identified several improvement opportunities to the current roadway 
and intersection features that are intended to enhance the safety and mobility for all area users. It is 
envisioned that the recommendations from this study will be evaluated and progressed through 
further design and construction via the work of TAC. 

The order of magnitude construction cost estimate of these improvements is approximately 
$2,420,000. The projected costs are based on the proposed typical sections shown on the conceptual 
improvement plans (Sheets 1 through 4) and do not include costs associated with design, potential 
right-of-way acquisition, streetscape enhancements, including landscaping, permitting or police 
services. The conceptual improvement plan and cost estimate worksheets are provided in the 
Appendix. 
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attached. Please sign report in space provided below. 
City or Town Whore Accident Occurred 

' q Street Name or Route Number 

C ____ 

A Which direction was each vehicle uavoting? 


Nearest Mile Marker 


Number ot Lanes 


^□ves 2 Qno 


at intersection with 

it Or — tl not at intersection, lilt in below 


N S E W Ot nearest intersection, 
j I ! bridge, mile mother. 

I J_ railroad. 


|i Accident Occurred on Rsmp 
Fill in Below 
j I 1 On temp to 
1_I route number- 

n s e w 


i Cn ramp Item 
I route number. 
N £ 


Other Landmarks:. 


Accident Involved Collision With' 


i j j Pedestrian 

I | Motor Vehicle 

£ L_) in Trallic 

, j—| Motor Vehicle 
J 1_I Parked 


4 | | Railroad Train 

, I—j Ran oil roadway hit fixed 
•* 1_I object _leet Irom 

6 Q] Bicycle 


7 | | Overturned in road 

t | Ran oil roadway — 

0 I_| non-collision 

I—| Fixed object on shoulder 
a |_| sidewalk or island 

A j | School Bus 


B Truck 
C | j Mop* 
0 Q Ollier 


It collision involved two or more vehicles mark one 
ot ihe following: 


2 i i Ansi * 3 ! I Kaad 


What were vehicles doing prior 
10 accident? 

Mark appropriate box 




Making right turn 


Making tell turn 


Making U lorn 


Going slrarghl ahead 


Passing on right 


Passing on tell 


Slop sign 


Skidding 


Slowing or slopping 


Crossing median stop 


Onveiless moving 
vehicle 



ESECZIilaBi 1 I n 


Standing in sueel 


Getting onloll vehicle 


working on vehicle 


Working in sheet 


Playing m street 


■ 

■ 

3OA0 CONDITIONS 


nn 




No Delects 


Holes, ruts, bumps 


Foreign matter on surtace 


Detective shoulder 


Road under construction 


Other 


Bl 

■ 

w 

Backing 



T 

3AFFIC CONTROLS 

B 

mm 

m 

» 

■ 

Starting in trallic 
Starting Irom 

__ 

. 

X 


parked position 

Parked 

“I 

2 


Yield sign 



Stalled or disabled 


3 


Warning sign 

m 


m 

Stalled or disabled 
with Hasher on 


4 


Signal light 

IBB 


In process ot park 

ng 

5 


Ollicet or tlagman 

ID 

■p 




6 


Railroad crossing gate 

In 

■ 


Making nqhi lurn 
on reo 


7 


Railroad automatic signal 

mm 

■ 

Entering median 


8 


Control device no! working 

ID 

mm 

Crossed median 


9 


No conltol present 

IlD 

m 

IB 

Other . 


A 


No turn on red 


01 

01 

Bl 

01 


Hit abutment 


Hit signpost 


Hit utility or fight pole 


Hit wee 


Embankment- 


Ditch 


Rock ledge 


Stone wall 


Budge tail 


Othei 



INDICATE ON THIS DIAGRAM WHAT HAPPENED. 

Use one ol these outlines to sketch the scene ol your accident, writing in street cr highway names or numbers, 
t Number each vehicle and show direction ol iravel , show oedesiriar. bv_a^Tk 


3. Show pedesiriar. by:- 

4. Show taiiroad by: f-H-G+W-W'**' 

5 Show distance and direction in landmarks: idem 
lily landmarks by name or number, 

, 6 Indicate north by arrow, as' 


2 Use solid line lo show path belore accident 
—®Q2> doited line alter accident 
.... 



Ifi&iCATE 
EMJGTN 
BV AGft©» 


Operator (mark one or more) 

1 2 

Operating Under Influence ol 
Liquor 



i m^ss 


Exceeding Lawlul Speed 




Failed lo Give Proper Signal 


Improper Turning Movement 


[j Operator j: 

L 


2 


I 1 Q 



Disregarded Trallic Light 

c 




D 



III Hi 1 1 virJiiMj——_ 

E 



Improper Start Irom 

Parked Posihon 

! F 



improper Parked Position 


Oescribe Whai Happened (Reler to Vehicles by Number) 
Citation Number it issued_ 

































































































































VHB 


Vanasse Han gen Brustlin, Inc. 


Critical Lane Volume Analysis 








IKANbFUK i A liUJN 

RESEARCH 


Number 212, January 1980 
ISSN. 0097-851S 



Trsnsportation' Research Board, National Academy of Sciences, 2101 Constitution Avenue, Washington, D.C. 20418 


INTERIM MATERIALS ON 
HIGHWAY CAPACITY 



modes 

1 highway transportation 

2 public transit 
5 other 

subject areas 
12 planning 

21 facilities design . 

54 operations and traffic control 

55 traffic flow, capacity, and measurements 


Critical Movement Analysis 


•19. 


( Example 1 ) 

Note: "(R)“ denotes a recalculation. 

Step 1(R). Identify Lane Geometry . Left turn 
lanes' axe added on Approaches 2 and 4.. 

• Step 2QQ. Identify Volures . Volumes, in vph 
are shown on the form. 

Step 3(R). • Identify Phasing . The existing two 
phase signal will be analyzed. 

Step 4(R). Left Turn Check . Step 4(R) is 
identical to the preceeding Step 5. 

' step 5(R). Assign Lane Volumes . Left turns are 
assigned to left tuns lanes and through plus right 
turn volumes are distributed equally to the 
remaining lanes. • 

Step 6(R)- Critical Volumes . , Critical volumes 
for phase'AIA2 on Approaches 1 and 2 are 795 ■+ 40 LT 
■ pr 455 + 50 LT. Use. 835 . Critical volumes for phase 
A.3A4 on .Approaches 3 and 4 are 1'65 + 120 LT or 265 + 
'90 LT. Use 355 . 

Step 7(R). - Sum of Critical Volumes . The sum of 
the critical volumes is (835 + 355) or 1190 vph . 


Table 6. Level of Service Ranges 


Level 

of 

Service 

Maximum 

Slim of Critical Volumes 

Two 

Phase 

Three 

Phase 

Four or 
more Phases 

A 

.900 

855 

825 • 

B 

1050 

1000 

965 

© 

1200 

1140 

1100 . 

D 

1350 

1275 

1225 

E 

1500 

1425 

' '1375 •' 


-not applicable- 


OPFRATIONS AND DESIGN Apolications (in pchj . 
(deleted) 

S-tep 8(R). Intersection Level oi Service . 
Using Table.6, the value of 1190 vph falls within 
■the range of 1051 to'1200, or Level of Service. C for 
two phase operation. 

, Step9(B-). Recalculate . No recalculation is 
necessary as it is demonstrated that left turn lanes 
alter the intersection Level of Service D to C. 


Table 3. PCE Values: Left Turn Effects - 


Left Turns Allowed from 

Left-Through Lanes 3 



_ *• , 


1. No Turn Phase 

2. With Turn Phase 

Opposing Volume, in vph: 

1 left turn equals: 

1 left turn equals 1.2 PCE 

0-299 

1.0 PCE 

300-599 

2.0 PCE 

600-999 
4.0 PCE 

1000 + 

6.0 PCE 

: Left.Turns Aliowed from 

Left'Turn Bays On!y b 





3. No Turn Phase 

4. With Turn Phase 

Opposing Volume, in vph: 

1 left turn equals: 

1 left turn equals 1.05 PCE 

0-299 

1.0 PCE' 

300-599 
2.0 PCE 

600-999 
4.0 PCE 

1000 + 

6.0 PCE 


a PCE Values are used in Step 5, PLANNING applications, to' develop a distribution of volumes among se a 
-traffic lanes. PCE Values are also used in Step 7, OPERATIONS AND DESIGN applications, to convert left turn 
volumes to passenger car volumes prior to adding them to through and right turn volumes, in pc . 

b PCE Values are used in Step 7, OPERATIONS AND DESIGN applications, to convert left turn volumes (operating 
from a turn bay) to passenger car,volumes, in pch. 

Source: W. R. Reillv ( NEKRP Prm>rt 3-78). based on a synthesis of various data, includina Ref. (5). 
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3: Massachusetts Avenue & Foster Street 
Existing AM Peak Hour __ 


Mass Ave at Linwood/Foster Road 

Page 1 


> \ f A ^ 1 ^ 



Lane Configurations 


Total Lost Time (s) 


Trailing Detector (it) 


mwmm 


Yes 


Link Distance (ft) 


Volume (vph) 


Protected Phases 


nmmmmmmm 


Detector Phases 


Minimum Split (s) 


Total Split (%) 


Yellow Time (s) 


Lead/Lag 


Vehicle Extension (s) 




Pedestrian Calls (#/hr) 


Queue Length 95th (ft) 


50th Up Block Time (%] 


Turn Bay Length (ft) 


Hill 


mm 


95th Bay Block Time % 


■ ? V ■" 


mm 


Cycle Lengthy 90_ 


Natural Cycle: 45 


mmmw 
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Existing AM Peak Hour ___—.... .— 
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Peak-hour factor, PHF 


Lane Group Flow (vph) 


Protected Phases 


Actuated Green, G (s) 


Actuated g/C Ratio 


Vehicle Extension 


v/s Ratio Prot 


Progression Factor 


Approach Delay (s; 


HCM Volume to Capacity ratio 


ICU Level of Service 


Intersection CapacityUtilization 
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Mass Ave at Linwood/Foster Road 
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3: Massachusetts Avenue & Foster Street 
Existing PM Peak Hour__ 


Lane Configurations 


Total Lost Time (s) 


Trailing Detector (ft) 


Link Distance (ft) 


Protected Phases 


Detector Phases 


Minimum Split (s) 


Total Split {%) 


Yellow Time (s) 


Lead/Lag 


Vehicle Extension (s) 


Walk Time (s) 


Pedestrian Calls (#/hr) 


Queue Length 95th (ft) 


50th Up Block Time (%’ 


Turn’ Bay Length (ft) 


Cycle Length: 90 


Natural Cycle: 45 
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3: Massachusetts Avenue & Foster Street Mass Ave at Lmwood/Foster Road 

Existing PM Peak. Hour ...... . 
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Lane Configurations 
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Peak-hour factor PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 




Protected Phases 


Actuated Green, G (s) 




Actuated g/C Ratio 


Vehicle Extension (s) 
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Progression Factor 
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HCM Volume to Capacity ratio 
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ICU Level of Service 


Intersection Capacity Utilization 
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3: Massachusetts Avenue & Foster Street 
PM Peak Hour-one lane Mass Ave 


Mass Ave at Linwood/Foster Road 
5/16/2005 











Total Lost time (s) 


Peak-hour factor, PHF 
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Protected Phases 


Actuated Green, G (s) 


Actuated g/C Ratio 


Vehicle Extension (s) 


Progression Factor 


Approach Del a’ 


HCM Volume to C; 


ICU Level of Service 


Intersection Capacity Utilization 
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Mass Ave at Medford Street 
5/16/2005 


3: Massachusetts Avenue & Medford Street 
Existing Morning Peak Hour_ 


Lane Configurations 


Right Turn on Red 


Link Distance (ft) 


Volume (vph) 


Detector Phases 


Minimum Split (s) 


Yellow Time (s) 


Lead/Lag 


Pedestrian Calls (#/hr) 


Queue Length 95th (ft) _ # 


Cycle Length: 100 




Natural Cycle: 60 


--- » > 

# 95th percentile volume exceeds capacity, queue may be longer. 
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3: Massachusetts Avenue & Medford Street 
Existing Evening Peak Hour_ 


Mass Ave at Medford St 

5/16/2005 







Lane Configurations 


Storage Length (ft) 


trailing Detector (ft) 


Right turn on Red 


Link Distance (ft) 


Protected Phases 


Minimum S plit (s) __,._.M_gl-P— , ^ 1 , ° l .^n^rm-T 


Lead/Lag 


Vehicle Extension (s) 


Pedestrian Calis (#/hr) 


Queue Length 95th (ft) 


50th Up Block Time (%) 


Turn Bay Length (ft) 


95th Bay Block Time % 


Cycle Length: 100 


Natural. Cycle: 60 
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3: Massachusetts Avenue & Medford Street 
Existing Evening Peak Hour _ 
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Mass Ave at Medford St 

5/16/2005 



Lane Configurations 
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Peak-hour factor, PHF 

euBSsaai 
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Protected Phases 




Actuated Green, G (s) 




Actuated g/C Ratio 


Vehicte Extension (s) 


-mmm 


v/s Ratio Prot 


Progression Factor 


•gw*: 


Approach Delay (s) 


HCM Volume to Capacity ratio 


ICU Level of Service 


Intersection Capacity Utilization 
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Vanasse Haugen Brastlin, Inc. 



Cost Estimate 






T ransportation 
Land Development 
Environmental 

Services 



Vanasse Ha ngen BrustUn+ Jnc, 


101 Walnut Street 
Post Office Box 9151 
Watertown 
Massachusetts 02471 

617924 1770 


CONCEPTUAL COST ESTIMATE 
Massachusetts Avenue Tranportation Improvements 
Arlington, Massachusetts 


Segment 
Mill Street to Water Street 

Water Street to franklin Street 

franklm Street to Grafton Street 

Grafton Street to Marathon Street 

Marathon Street to Alewife Brook Parkway 


Total Cost 
$159,163.00 

$374,721.00 

$572,490.50 

$307,663.25 

$599,605.50 

SUBTOTAL: $2,013,663.25 

20 % Contingency:_ $402,732.65 

TOTAL: $2,416,395.90 


SAY: $2,420,000] 


This estimate does not consider any Permitting or Police Services. 


Conceptual Estimate.x5s 
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Transportation 

101 Walnut Street 

i 

j 1 


Land Development 

Post Office Box 9151 



Environmental 

Watertown 

r 


Services 

r J r 



Massachusetts 02471 

f : 



617 9241770 

r 

A 


fljra Vanasse Hangen Bmstlin , Itul - 


u 

i 

A 

CONCEPTUAL COST ESTIMATE 



f ) Mill Street to Water Street (1,1 50 If) 

j.i OescripfciQn 

Unit Price 

Quantity 

Total Cost 

] Cold Plane * Pavement Overlay 

$ 1.50 /SY 

6435 SY 

$15,163.00 

j j' Granite Curb Removed 4 Reset 

$22.00 /LF 

175 LF 

$3,650.00 

; 1 full Depth Pavement (less than 3.O’ wide) 

$37.00 /SY 

0 SY 

$0.00 

. Cement Concrete Sidewalk 

| j Brick 5idewalk 

$53.00 /SY 

60 SY 

$4,240.00 

$50.00 /SY 

230 SY 

$ 1 6,400.00 

| ■ Loam £ Seed 

$3.75 /SY 

0 SY 

$0.00 

' f j Traffic Signal Upgrade 

$ 1 00,000.00 /EA 

1 EA 

$ 1 00,000.00 

J Pavement Markings 

$3,510.00 /LS 

1 LS 

$3,5 10.00 

| \ Bnck Sidewalk Bulb-Out 

i.J 

$3,500.00 /EA 

4 EA 

$14,000.00 

.1 
.J’l 


Section TOTAL: 

$159,163.00 

11 

1 b Water Street to Franklin 5treet (1,700 If) 

1 1 ■ Description 

Unit Price 

Quantity 

IotaLCost 

("• Cold Plane 4 Pavement Overlay 

$ 1.60 /SY 

13045 SY 

$23,461 .00 

|.f Granite Curb Removed 4 Reset 

$22.00 /LF 

2 GO LF 

$5,720.00 

® ■ Brick Sidewalk 

$60.00 /SY 

415 SY 

$33,200.00 

1 i Loam Borrow 4 Seed 

$3.75 /SY 

O SY 

$0.00 

'U j Traffic Signal Upgrade 

$ 1 00,000.00 /EA 

3 EA 

$300,000.00 

Pavement Markings 

$5,320.00 /IS 

1 LS 

$5,320.00 

| j Brick Sidewalk Bulb-Out 

$3,500.00 /EA 

2 EA 

$7,000.00 


1 . ,'i 


Section TOTAL: $374,72 1 .00 


' r. 1 


■ i 



ij 


i 
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Transportation 
Land Development 
Environmental 

Services 


Vanasse ffa ngen Bru stlin . Inc. 



101 Walnut Street 
Post Office Box 9151 
Watertown 
Massachusetts 02471 

617924 1770 


CONCEPTUAL COST ESTIMATE 


| j franklin Street to Grafton Street (2,800 If) 


1 i 

] 1 Description 

Unit Pnco 

Quantity. 

Total Cost. 

i Cold Plane 4 Pavement Overlay 

$ 1 .30 /SY 

15560 SY 

$28,008.00 

j Granite Curb Removed 4 Reset 

$22.00 /LF 

3360 LF 

$73,920.00 

t" Granite Curb 

$3 3.00 /IF 

630 LF 

$23,940.00 

-■ ! Pavement Removal 

$ 1 2.50 /5Y 

5000 SY 

$62,500.00 

i Cement Concrete Sidewalk 

$53.00 /SY 

4500 SY 

$238,500.00 

1 Loam Sorrow 4 Seed 

$3.75 /SY 

73 1 0 SY 

$27,412.50 

/] Traffic Signal Upgrade 

$ 100,000.00 /EA 

1 EA 

$100,000.00 

. U Pavement Markings 

$G,2 1 0.00 /LS 

1 LS 

$6,210.00 

i Cement Concrete Sidewalk Bulb-Out 

L,.i 

$3,000.00 /EA 

4 EA 

$ 1 2,000.00 

L 


Section TOTAL: 

$572,490.50 


1 i Grafton Street to Marathon Street (IJ 50 If) 


I..J 

Dcscopticn 

Cold Plane 4 Pavement Overlay 

Unit P.nc& 

$ ! .30 /SY 

Quantity 

8690 SY 

Total Cost 
$15,642.00 

L 

Granite Curb Removed 4 Reset 

$22.00 /LF 

I 380 LF 

$30,360.00 

1 

Granite Curb 

$38.00 /LF 

345 LE 

$13,1 I 0.00 

1 ! j 

Lj i 

Pavement Removal 

$ I 2.50 /SY 

1 1 00 SY 

$13,750.00 

i .J 

Cement Concrete Sidewalk 

$53.00 /SY 

2300 SY 

$ 1 2 1,900.00 

1 

Loam Borrow 4 Seed 

$3.75 /SY 

1 1 55 SY 

$4,331.25 

1 J 

Traffic Signal Upgrade 

$ 1 00,000.00 /EA 

1 EA 

$ i 00,000.00 

( h 

j ; i 

Pavement Markings 

Cement Concrete Sidewalk Bulb-Out 

$2,570,00 /LS 
$3,000.00 /EA 

1 LS 

2 EA 

$2,570.00 

$6,000.00 


Section TOTAL: $307,663.25 

i 



'. i 
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Transportation 
Land Development 
Environmental 

Services 




Vanasse H anpe n Bmstlin . Inc . 


Marathon Street to Aiewife Brook Parkway ( 
OescnptiQn 
Cold Plane £ Pavement Overlay 
Granite Curb Removed t Reset 
Granite Curb 
Pavement Removal 
Cement Concrete Sidewalk 
Brick Sidewalk 
Loam Borrow 4 Seed 
Traffic Signal Upgrade 
Pavement Markings 
Cement Concrete 5idewalk Bulb-Out 


CONCEPTUAL COST ESTIMATE 
,900 If) 


101 Walnut Street 
Post Office Box 9151 
Watertown 
Massachusetts 02471 

617 9241770 


Unit Pncg 

Quantity 

Total Co5t 

$ 1 .00 /SY 

10035 SY 

$19,503.00 

$22.00 /LF 

2340 LF 

$5 1,400.00 

$30.00 /LF 

505 LF 

$22,230.00 

$ J 2.50 /SY 

3600 SY 

$45,000.00 

$53.00 /SY 

3565 SY 

$ 1 00,945.00 

$00.00 /SY 

370 SY 

$29,600.00 

$3.75 /SY 

54 10 SY 

$20,207.50 

$100,000.00 /EA 

2 EA 

$200,000.00 

$4,560.00 /L5 

1 LS 

$4,560.00 

$3,000.00 /EA 

6 EA 

$10,000.00 


Section TOTAL: 

$599,605.50 
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Transportation 
Land Development 
Environmental 

Services 


YanasseJIangen Rrustlin^Jnc, 


UN IT CQSES- 



201 Walnut Street 
Post Office Box 9151 
Watertown 
Massachusetts 02471 

617 924 1770 


* Prices Based on MUD Weighted Average Bid Prices (2004) 


Pull Depth Pavement 

Depth ONI 

Width fin) 

Conversion 

Unit Cost 


Hot Mix Asphalt 

2 

N/A 

0.0560 Ton/SY'IN 

$45.00 /Ton 

$5.04 

Hot Mix Asphalt Binder Course 

2 

N/A 

0.0560 Ton/SVIN 

$45.00 /MG 

$5.04 

Hot Mix Asphalt Base Course 

4 

N/A 

0.0560 Ton/SY‘iN 

$45.00 /MG 

$ 1 0.06 

Dense Graded Crushed Stone 

4 

N/A 

0.0276 YD/IN 

$40.00 AD 3 

$4.44 

Gravel Borrow 

6 

N/A 

0.0276 YD/IN 

$ 1 5.00 /YD 3 

$3.33 

Unclassified Excavation 

20 

N/A 

0.0276 YD/IN 

$12.00 /YD 3 

$6.67 

Fine Grading and Compacting 

N/A 

N/A 

N/A 

$2.00 /SY 
per SY Total— 

$2.00 

$36.60 




Full Depth Pavement COST PER. SY= 

$37.00 


Hot Mix Asphalt Walk Surface 



Depth tin) 

Width fin) 

Conversion 

Unit Cost 

$14.26 

Hot Mix Asphalt 

3 

N/A 

0.0560 Ton/SY*lN 

$65.00 /Ton 

Gravel Borrow 

6 

N/A 

0.0276 YD/IN 

$22.00 /YD 3 

$4.69 

Unclassified Excavation 

1 I 

N/A 

0.0276 YD/IN 

$ 1 6.00 /YD 3 

$5.50 

Fine Grading and Compacting 

N/A 

N/A 

N/A 

$ 1.75 /SY 
per SY Total= 

$1.75 
$26.42 


Hot Mix Asphalt Walk 5urface CQ5T PER. SY—_ j>26.50 


Hot Mix Asphalt Driveway 






Depth-fin) 

Width (in) 

Conversion 

Unit Cost 


Hot Mix Asphalt 

3.5 

N/A 

0.0560 TorVSYHN 

$90.00 /Ton 

$17.64 

Gravel Borrow 

6 

N/A 

0.0276 YD/iN 

$22.00 AD 

$4.69 

Unclassified Excavation 

1 1.5 

N/A 

0.0276 YD/IN 

$! 6.00 AD 3 

$5.75 

Fine Grading and Compacting 

N/A 

N/A 

N/A 

$ 1.75 /SY 

$1.75 





per SY Total= 

$30.03 




Hot Mix Asphalt Driveway COST PER. SY—. 

$30.00 
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101 Walnut Street 
Post Office Box 9151 
Watertown 
Massachusetts 02471 

617 924 1770 


Cement Concrete Walk / Wheelchair Ramps 



Depth fin) 

Width (in) 

Conversion 

Unit Cost 


Cement Concrete 

4 

N/A 

N/A 

$40.00 /SY 

$40.00 

Gravel Borrow 

0 

N/A 

0.0270 YD/IN 

$22.00 /YD 3 

$4.09 

Unclassified Excavation 

1 2 

N/A 

0.0270 YD/IN 

$ 1 0.00 /YD 3 

$6.00 

Fine Grading and Compacting 

N/A 

N/A 

N/A 

$ 1.75 /SY 

$ l .75 





per SY Total— 

$52.64 


Cement Concrete 

Walk / Wheelchair Ramp COST PER 5Y= 

$53.00 


Transportation 
Land Development 
Environmental 
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Vanasse H angen Bru s t lin , I nc : 



Granite Curb 


Granite Curb 
Cement Concrete 
Unclassified Excavation 


Dept h ( ml Width (ml 
N/A N/A 

G N/A 

IS N/A 


Conversion 

N/A 

0.0093 SY/ FT* IN 
0.0093 5Y/ FTNN 


Unit Cost 

$30.00 /IE $30.00 

$40.00 /SY $2.22 

$22.00 /YD 3 $3.G7 

per LE Total- $35.90 


Granite Curb CQ5T PER IF°_ $36,00 


Pavement Removal 


Unclassified Excavation 
Ordinary Borrow 



Conversion 
0.0270 YD/IN 
0.0270 YD/IN 


Unit Cost 

$ 10.00 /YD 3 $7.50 

$ i 2.00 /YD 3 $5.00 

per SY Total = $12.50 


Pavement Removal COST PER SY — $} 2.50 


Loam Borrow and Seed 

Depth (IN) 

Loam Borrow 4 

5eed 

Loam Borrow and Seed COST PER. SY=l 


Conversion 
0.0270 YD/IN 


Unit Cost 
$24.00 AD 3 
$ I .00 /SY 
per SY Total- 


$2.67 
$i .00 


$3.67 
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101 Wainut Street 
Post Office Box 9151 
Watertown 
Massachusetts 02471 

617924 1770 


Pavement Markings 

! 2" White Line 
4" Yellow Line 


Cement Concrete Bulb-out 

Granite Curb 

Cement Concrete Sidewalk 


Brick Bulb-out 


Granite Curb 
Brick Sidewalk 



Unit Cost 
$ 1 .40 /LF 
$0.65 /LF 

O O 


I 2" White bne COST PER LF= 

$1.40 


4" Yellow bne COST PER Lf= 

$0.65 

Quantity 

50 

20 

Unit Cost 

IF $36.00 /LF 

5Y $53.00 /SY 

$ l ,900.00 
$ 1,060.00 


per EACH 'otal= 

$2,960.00 

Cement Concrete Bulb-out COST PER. EACH— 

$3,000.00 


Quantity 


Unit Cost 


50 

LE 

$36.00 /LF 

$ 1 ,900.00 

20 

SY 

$60.00 /SY 

$ i ,600.00 



per EACH 'otai= 

$3,500.00 

Cement Concrete Buib-out COST PER EACH- 

$3,500.00 
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This estimate 

Mill Street to Water Street (1,1 50 If) 

Pavement 

Assume existing pavement width is approx &&' 

Assume matching existing pavement width 

Assume 2-1 2' lanes and 6.5' parking lane for each side 

Assume Cold Plane $• Overlay 

Granite Curb 

Assume there is 75% existing granite curb along corridor 
Assume existing granite curb can be removed and reset if needed 
Assume 10% of curb needs removing and resetting 

Loam £ Seed 

Assume no areas reguire loam £ seed 

Sidewalk 

Assume sidewalk reconstruction matching existing width of I 2 feet on both sides 
Assume 75% of sidewalk brick and 25% cement concrete 
Assume 10% of sidewalk requires reconstruction 


Drainage 

Assume 4 structures need to be adjusted 
Pavement Markings 

Assume 2300 LP of A" yellow line (DYCL) at $0.40/LP =^$020 
Assume 2300 LP of 4“ white line (5WEL) (both sides) at $0.40/LP = $020 
Assume GOO LP of 4 H white line (BWLL) at $0.40/LP = $240 
Assume 350 LP of I 2" white line (5L $ CW) at $ I .40/LP = $400 
Assume i 70 SP of pavement markings at $3.50/5P = $G00 

Assume 64 parking stall markings at I 0 LP of 4" white line/stali at $0.40/LF = $340 

Total Pavement Marking — $3510 
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Post Office Box 9151 
Watertown 
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This e5tima tg_assmrigsJi)g following 

Water Street to Franklin 5treet (1,700 If) 


Pavement 

Assume existing pavement width is approx 7 3‘ 

Assume matching existing pavement width 

Assume 2-1 2‘ lanes and 6.5' parking lane for each side 

Assume Cold Plane 4- Overlay 

Granite Curb 

Assume there is 75% existing granite curb along corridor 
Assume existing granite curb can be removed and reset if needed 
Assume 10% of curb needs removing and resetting 

Loam £ Seed 

Assume no areas reguire loam 4- seed 

Median 

Assume all medians reguire no reconstruction 

Sidewalk 

Assume sidewalk reconstruction matching existing width of I 2‘ on both sides 

Assume 100% of sidewalk brick 

Assume I 0% of sidewalk regutres reconstruction 

Assume 90% of length has sidewalk 

Drainage 

Assume 4 structures need to adjusted 
Pavement Markings 

Assume 3400 LF of 4” yellow line (DYCL) at $0.40/LF = $ I 3G0 
Assume 3400 LF of 4" white line (SWEL) (both sides) at $O.40/LF = $ 1 3GO 
Assume 650 LF of 4" white line (BWLL) at $0.40/LF = $340 
Assume 450 LF of I 2" white line (5L £ CW) at $ I .40/LF = $G30 
Assume 355 5F of pavement markings at $3.50/SF = $1250 

Assume 94 parking stall markings at 10 LF of 4 M white line/stal! at $0.40/LF = $360 

Total Pavement Marking — $5320 
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Post Office Box 9151 
Watertown 
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617 924 1770 


Ihi5_s5timatg assumes the following 

franklin Street to Grafton Street (2,600 if) 

Pavement 

Assume 50' cross section 1-12' lane w/ 5' stnped bike tane £ & parking in each direction 
Assume existing pavement width is approx GG' 

Assume narrowing pavement width 1 G feet (£>' each side) 

Assume Cold Plane £ Overlay 

Granite Curb 

Assume there is 75% existing granite curb along corridor 
Assume removing and resetting both sides of roadway 
Assume &0% existing granite curb can be removed and reset 
Assume 20% of new granite curb reguired 

Loam £ Seed 

Assume 4" depth for all loam £ seed areas 

Assume loam £ seed existing pavement that is being removed (approx & width) 

Assume existing loam and seed along 50% of corridor 

Assume existing loam £ seed width is approx 7.5’ (area between exist curb £ exist sidewalk) 


5idewalk 

Assume sidewalk reconstruction matching existing width of & on both sides 
Assume ! 00% of sidewalk cement concrete 
Assume 100% of sidewalk reguires reconstruction 
Assume 90% of length has sidewalk 

Drainage 

Assume CIT the existing basins and adding new catch basins 
Assume 300‘ spacing for basins 
Assume 10 sets of basins {14 cb) 

Assume G If of I 2"RCP to connect each of the new structues 
Pavement Markings 

Assume 5G00 LF of 4" yellow line (DYCL) at $0.40/LF = $2240 
Assume 5G00 LF of 4" white line (SWEL) (both sides) at $0.40/LF = $2240 
Assume 4G5 LF of I 2” white line (SL £ CW) at $ 1.40/LF = $£50 
Assume I 05 SF of pavement markings at $3.50/SF = $370 

Assume 1 7£ parking stall markings at 10 LF of 4" white line/stail at $0.40/LF == $7 I 0 

Total Pavement Marking = $£210 
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fistimatft assumes the; following : 

Grafton Street to Marathon Street (I, I 50 If) 

Pavement 

Assume G& cross section 4 lanes -II' inside lanes I 5' outside lanes 

4- & parking on both sides 

Assume existing pavement width is approx 7 G' 

Assume narrowing pavement width & feet {4‘ each side) 

Assume Cold Plane £ Overlay 

Granite Curb 

Assume there is 75% existing granite curb along corridor 
Assume removing and resetting both sides of roadway 
Assume 30% existing granite curb can be removed and reset 
Assume 20% of new granite curb reguired 

Loam $ Seed 

Assume 4 M depth for all loam £ seed areas 

Assume loam £ seed existing pavement that is being removed (approx 4' width) 

Assume exist loam and seed area along 75% from Grafton St to Oxford St 

Assume existing loam seed width is approx 7' (area between exist curb £ exist sidewalk) 

5idewalk 

Assume sidewalk reconstruction matching existing width of 10’ on both sides 
Assume 100% of sidewalk cement concrete 
Assume 100% of sidewalk reguires reconstruction 
Assume 90% of length has sidewalk 

Drainage 

Assume ClT the existing basins and adding new catch basins 
Assume 300 spacing for basins 
Assume 7 sets of basins (14 cb) 

Assume G If of I 2"RCP to connect each of the new structues 
Pavement Markings 

Assume 2300 LP of 4*' yellow line (DYCL) at $0.40/LF = $920 
Assume 2300 LP of 4" white line (5WEL) (both sides) at $0.40/LF = $920 
Assume 220 LP of I 2" white line (5L K CW) at $ 1 .40/LP = $310 
Assume 23 SF of pavement markings at $3.50/SF = $ I 00 

Assume 60 parking stall markings at I 0 LP of 4" white line/statl at $0.40/LP = $320 

Total Pavement Marking = $2570 
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Ihis. estimate assumes theidlfiMDfip 

Marathon Street to Alewife Brook Parkway (1,950 !f) 

Pavement 

Assume 50* cross section 1-12' lane w/ 5' striped bike lane £ & parking in each direction 
Assume existing pavement width is approx GG. 5' 

Assume narrowing pavement width I G feet {&' each side) 

Assume Cold Plane £ Overlay 

Granite Curb 

Assume there is 75% existing granite curb along corridor 
Assume removing and resetting both sides of roadway 
Assume 80% existing granite curb can be removed and reset 
Assume 20% of new granite curb reguired 

Loam t Seed 

Assume 4" depth for all loam £ seed areas 

Assume loam i seed existing pavement that is being removed (approx & width) 

Assume exist loam $ seed width is approx 7.5* from Marathon St to Henderson St 
and approx G‘ from Boulevard Rd to Alewife Brook Parkway 
Assume exist loam t seed along 75% of above lengths 


5idewalk 

Assume sidewalk reconstruction matching existing on both sides: 

cement concrete walk from Marathon St to Henderson St width of 8.5' 
cement concrete walk from Henderson St to Boulevard Rd width of I G‘ 
brick walk from Boulevard Rd to Alewife Brook Parkway width of 9.5' 

Assume 1 00% of sidewalk reguires reconstruction 
Assume 90% of length has sidewalk 

Drainage 

Assume CIT the existing basins and adding new catch basins 
Assume 300’ spacing for basins 
Assume 7 sets of basins {I 4 cb) 

Assume G If of I 2”RCP to connect each of the new structues 
Pavement Markings 

Assume 3900 IP of 4" yellow tine (DYCL) at $0.40/LP = $ ! 5G0 
Assume 3900 LP of A" white line (5WEL) (both sides) at $0.40/LP = $ I 5G0 
Assume 5G5 LP of I 2" white line (5L £ CW) at $ i .40/LP — $600 
Assume 5 8 SP of pavement markings at $3.50/5P = $200 

Assume 1 I 0 parking stall markings at 10 LP of 4” white Ime/stall at $0.40/LP = $440 

Total Pavement Marking = $45GO 
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Table 2 


Vehicular Crash Summary (2000-2002) 



Mill St/Jason St 

Water St 

Mystic St/Pleasant St 

Medford St 

Franklin St 

Massachusetts Avenue at: 

Tufts St Bates Rd 

Gratton Si/Orvis St 

Winter St 

Lake St 

Teel St/Thorndike St 

Aiewife Brook Pkwy 

Total 

Signalized? 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

No 

No 

Yes 

Yes 

Yes 


Year 














2000 

5 

1 

25 

0 

3 

1 

5 

4 

1 

6 

0 

29 

80 

2001 

11 

3 

17 

1 

3 

1 

. 2 

2 

1 

8 

2 

19 

70 

2002 

5 

1 

2 

0 

0 

0 

1 

2 

1 

2 

0 

7 

21 

Total 

21 

5 

44 

1 

6 

2 

8 

8 

3 

16 

2 

55 

171 

Collision Type 














Angle 

13 

3 

12 

0 

2 

1 

2 

4 

1 

10 

0 

22 

70 

Head-on 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Rear-end 

2 

0 

24 

1 

3 

0 

5 

0 

1 

3 

1 

20 

60 

Unknown 

6 

1 

7 

0 

1 

1 

1 

4 

1 

3 

1 

13 

39 

Total 

21 

5 

44 

1 

6 

2 •' 

8 

8 

3 

16 

2 

55 

171 

Severity 














Fatality 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

Hit and Run 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

2 

4 

Injury 

4 

1 

15 

0 

2 

0 

4 

5 

1 

3 

0 

12 

47 

Property 

17 

4 

28 

1 

4 

2 

4 

2 

1 

13 

2 

41 

119 

Unknown 

0 

0 

Q 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

Total 

21 

5 

44 

1 

6 

2 

8 

8 

3 

16 

2 

55 

171 

Time of day 














7:00 AM-9:00 AM 

4 

1 

7 

1 

0 

0 

1 

3 

1 

2 

1 

11 


9:01 AM-3:59 PM 

8 

4 

21 

0 

4 

1 

4 

2 

0 

8 

0 

24 

76 

4:00 PM - 6:00 PM 

5 

0 

6 

0 

0 

0 

0 

2 

0 

0 

0 

7 

20 

6:01 PM - 6:59 AM 

4 

0 

10 

o 

2 

1 

3 

1 

2 

6 

1 

13 

43 

Total 

21 

5 

44 

i 

6 

2 

8 

8 

3 

16 

2 

55 

171 

Day of Week 














Monday-Friday 

18 

4 

35 

i 

4 

2 

6 

7 

1 

10 

2 

47 

137 

Saturdav-Sundav 

3 

1 

9 

g 

2 

0 

2 

1 

2 

6 

0 

8 

34 

Total 

21 

5 

44 

i 

6 

2 

8 

8 

3 

16 

2 

55 

171 

Pavement Conditions 






* 








Dry 

16 

5 

37 

0 

4 

1 

5 

4 

2 

9 

2 

41 

126 

Wet 

3 

0 

4 

i 

1 

0 

3 

4 

1 

4 

0 

12 

33 

Snow 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Ice 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Other 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

2 

Unknown 

1 

0 

1 

0 

1 

1 

0 

0 

0 

2 

0 

1 

7 

Total 

21 

5 

44 

i 

6 

2 

8 

8 

3 

16 

2 

55 

171 

MassHighway Crash Rate 

NA 

NA 

1.12 

0.03 

0.23 

NA 

NA 

NA 

NA 

0.58 

0.10 

1.1S 

NA 


Source: MassHighway vehicle crash data 
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1 . Imbalances exist due to numerous curb cuts and side streets that are not shown. 

2. Turning movement counts conducted on Tuesday June 15. 2004 through 
Thursday June 17, 2004 in overcast/c loudy weather conditions. 
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Note: 1, imbalances exist due to numerous curb cuts and side streets that are not shown. 
2. Turning movement counts conducted on Tuesday June 15, 2004 through 
Thursday June 17. 2004 in overcast/cloudy weather conditions. 
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